When a pathogen's nucleic acids are falsely recorded as present in a clinical molecular biology laboratory, therapeutic decisions could be affected. DNA contamination can originate from several different sources, and it is problematic when high copy numbers of DNA exist in the air or on the surfaces of objects in a laboratory.
Different contamination sources require different methods of treatment. DNA contamination of laboratory surfaces and instruments from various sources can occur at any stage of an operation and can be avoided by ensuring that rooms stay clean and by using decontamination methods, such as UV-irradiation 2 and application of disinfectants containing alcohol and chlorine. Amplicons from the most common sources of contamination are produced at very high copy numbers during PCR and can seriously impact diagnostic analysis because they can be homologous to target molecules and amplified at high efficiency, resulting in carry-over contamination. 3 Contamination of PCR reagents 4 and DNA extraction kits is another major problem when broad-range primers, such as those used for bacterial 16s rDNA, are used for detection in clinical specimens.
In recent years, various DNA decontamination methods have been developed to try to solve this problem, including the use of UV 5 or γ-irradiation, hydroxylamine hydrochloride or ethidium monoazide treatment, exonuclease III or endonucleases 6 treatment (such as DNase I 7, 8 or restriction enzymes), and, autoclaving or the use of radical-based gas generator decontamination. 9 Currently available decontamination methods often utilize oxidative reagents and UV irradiation in clinical PCR laboratories. Unfortunately, these methods do not completely eliminate DNA contamination and show inconsistencies in their decontamination results. 10 Most importantly, these treatments do not effectively eliminate very low-molecular-weight DNA fragments. 11 Thus, there is a need for reliable and efficient decontamination methods that can be easily integrated into the SOPs of clinical PCR laboratories.
To ameliorate the risks associated with false-positive PCR results in clinical PCR laboratories, we have developed a successful decontamination method that is based on regular monitoring of DNA contamination by sampling the environment and air. Internal quality control (IQC) is key to the effectiveness of a clinical PCR laboratory and should be an indispensable component of the SOPs for the laboratory. IQC is also very important for maintaining the reliability of reports produced from a laboratory and, in turn, the reputation of the laboratory. A reliable program for contamination surveillance is essential for the development of new molecular detection techniques and should also serve as the important basis for the development of molecular diagnostic techniques.
Here, we describe an innovative method capable of effectively eliminating contamination. In addition, we describe the importance of instituting a clinical PCR laboratory quality management program for monitoring air and surface contamination. Finally, we provide suggestions for improvements to such programs for clinical molecular diagnostic laboratories.
| MATERIALS AND METHODS

| Sampling locations
The present study was performed in the clinical PCR laboratory of the
Fourth Affiliated Hospital Zhejiang University School of Medicine in
Zhejiang Province of China, from May 24th to June 7th of 2015. The clinical PCR laboratory has four transfer windows, four buffer wards and four rooms, which are divided according to function into rooms for reagent preparation (first room), specimen handling (second room), gene amplification (third room), and product analysis (fourth room).
Air sampling was performed at four locations in the first and second rooms, and the samples collected from the rooms were individually stored in a biosafety cabinet. Samples from the third and fourth rooms, the transfer windows and the four buffer wards were collected at two sites. Each area was sampled over 3 days to determine the aerosol contaminant levels. Therefore, a total of 72 samples were analyzed for airborne contaminant levels, in addition to six negative controls.
Additionally, to understand the patterns of how potential airborne contaminants settled on the surfaces of the laboratory, 129 surface samples were collected from 27 predetermined sampling locations among the four operation rooms at four different time points.
| Environmental sampling
To ensure the elimination of carry-over contamination, the air and surfaces of the PCR laboratory were sampled to measure the de- 200 μL of each sample was used. Environmental surveillance was performed every 3 days.
| Fluorescent PCR assessment
PCR experiments were performed in a manner consistent with that used in our laboratory (namely, quantitative PCR was used to detect hepatitis B DNA (HBV DNA)) and using the same reagent kits (DaAnGene, Guangzhou, China 
| Decontamination of surfaces and equipment
DNA amplicons present in the environment can cause widespread contamination of air, working surfaces, equipment, and personnel.
Referring to current Chinese standards for disinfection techniques in healthcare settings (WS/T 367-2012, China), we used a hypochlorite solution to achieve high-level disinfection, alcohol to achieve mediumlevel disinfection and UV irradiation to achieve decontamination. The following procedures for DNA decontamination were employed: (1) spraying a 75% ethyl alcohol solution into the air before cleaning the rooms; (2) irradiating the rooms with UV-light for 1 hour; (3) wiping objects and equipment in the rooms with a hypochlorite solution to remove settled particles; (4) wiping equipment, such as disassembled centrifuge rotors or PCR instruments, with absolute ethyl alcohol; and (5) disinfecting laboratory coats before starting a new experiment.
Note that separate sets of cleaning tools were used for each room and were not mixed. These steps were carried out twice per day for approximately 2 weeks.
| Assessment of the effectiveness of the DNA decontamination procedure
Comparison with a reference laboratory was performed after using 
| Statistical analysis
Statistical analysis was performed using Microsoft Excel (Microsoft, Redmond, WA, USA) and SPSS 19.0 (IBM, Armonk, NY, USA). Data were analyzed using t tests, and similarity analysis was performed using R 2 values and Pearson correlation coefficients. A P value <.05 was considered statistically significant, and all tests used for statistical analysis were 2-sided.
| RESULTS
| Determining contamination sources
The background for this study was a DNA contamination incident that occurred in May 2015. The DNA contamination in this incident resulted from a non-standard process performed by cleaning staff. We later determined that optimized management procedures In addition, automation of nucleic acid extraction is unpopular in clinical PCR laboratories. In the above-described incident, it was necessary to identify the contamination and determine its location.
To accomplish this, hundreds of samples, including 72 air samples and 129 surface samples as well as negative controls, were collected to identify the contamination source. Additionally, the air quality ( Table 1 ) and characteristics of object surfaces (Table 2) were monitored based on guidelines for nosocomial infection surveillance procedures.
| Identification of PCR amplicon contamination
First, we discarded any reagents that had been opened. Second, we identified the rooms that had been, contaminated by subjecting samples from the first and second rooms and non-template controls to PCR to measure HBV DNA amplification. To accomplish this, we added PCR buffer into two ABI MicroAmp Optical 8-tube strips in the first room. In the second room, one strip was left open and the other strip was capped with an 8-cap strip. HBV DNA amplification occurred in both sets of tubes, which suggested that both rooms were contaminated with HBV DNA. As the contamination could have occurred either through in the air or as a result of surface contamination, we used special methods to assess the remaining DNA.
T A B L E 1 PCR assessment of aerosol samples PCR of air samples produced no amplification (Table 1) ; however, environmental DNA contamination on object surfaces was found (Figure 1 ).
| Surface decontamination procedure
In the following decontamination procedure, we focused on environmental decontamination, and target surveillance was performed after decontamination. Established methods were used to detect pathogens in the environment in each of the four rooms. A greater number of sampling locations was used in the first and second rooms compared to the remaining rooms. Enrichment procedures were used to improve detection sensitivity, and surface contamination was detected using plates filled with medium or sterile swabs, which proved to be effective detection methods (Figure 1 ). The procedures described above were used to detect contaminating DNA, and the procedures described below were used to decontaminate the rooms. First, the air in the rooms was sprayed with a 75% ethyl alcohol solution before the rooms were subjected to UV irradiation. This approach increased the humidity in the rooms and maximized the DNA damage caused by the UV irradiation. Next, the objects and equipment in the rooms were wiped with a hypochlorite solution to eliminate surface contamination caused by settled particles. Some surfaces could not be wiped directly with the chemical solution, and other methods had to be used. For example, the hypochlorite solution would have corroded the disassembled centrifuge rotor and PCR instruments; therefore, absolute ethyl alcohol was used to treat these objects, according to the manufacturers' recommendations. In addition, some supplies (e.g., tips and tubes) and tools were replaced, and some supplies were discarded, such as the Eppendorf automated pipettors used in the second room. These decontamination procedures were repeated two times per day for 2 weeks. Over this period, 129 samples were collected at four specified time points. C t value was used as an index of DNA contamination and showed that the contamination decreased each day over the 2-week period. C t value is inversely proportional to the concentration of target DNA. A C t value of 30 indicates non-amplification of the target DNA. Although a few of the locations that were tested showed barely detectable levels of HBV DNA and produced C t values of 30, most of the sampling locations showed obvious improvement following the decontamination. Generally, the mean HBV DNA levels in the sampled locations were lower after contamination than the mean levels before decontamination (Figure 1 ).
| Reliability of the surface decontamination method
Currently available laboratory decontamination methods, including UV irradiation and the use of chemical solutions, can damage equipment and other materials, which can in turn influence PCR amplification efficiency. We therefore required needed a reliable method for assessing the influence of our decontamination methods on PCR amplification. 
T A B L E 2 Locations of surface sampling
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To accomplish this, we analyzed 20 clinical specimens and compared the results with those produced by a reference PCR laboratory.
Fifteen of the samples were considered positive (Figure 2 ), while the other five samples were considered negative because the range of amplified HBV DNA was below 100 IU/mL. Statistical comparison of the HBV amplification test results using similarity analysis produced an R 2 value of .98, which implies high similarity. Pearson correlation analysis also showed a high similarity between the two groups, with a correlation coefficient of .99 (P<.01). These data were analyzed in consideration of the EQA evaluation criteria for Zhejiang Province, and a coincidence rate (%) of >90% showed and that the two laboratories produced highly similar results. The obtained P value of .80 (significance threshold of P>.05) was considered statistically non-significant ( Figure 2 ). These results imply that surface decontamination methods can be successfully applied to a PCR laboratory. In addition, we have written such procedures into SOPs for quarterly maintenance.
| DISCUSSION
In the present study, we described a method in which an episode of amplicon contamination in a clinical PCR laboratory was successfully resolved in 2 weeks. Air and surface samples were collected and analyzed four times over this period, and each sampling session was followed by routine cleaning and disinfection procedures on the same day. Finally, data showed that this method was effective. In addition, to ensure that the decontamination procedure did not alter PCR amplification efficiency, HBV DNA was amplified from the same set of samples in two different laboratories. The amplification results were not significantly different, indicating that the procedure did not cause damage that would affect subsequent PCR amplification. To the best of our knowledge, this is the first systematic study to report the occurrence of amplicon contamination from environmental surfaces in a clinical PCR laboratory. Overall, we developed a surveillance and disinfecting protocol that was more effective than conventional DNA decontamination procedures.
Microbial surveillance of the environment has been used to monitor the presence of specific nosocomial pathogens and to evaluate the efficacy of routine cleaning and disinfection operations. 12 Assessments of hospital hygiene show that routine disinfection procedures might not be performed efficiently and that nosocomial pathogens may not be sufficiently reduced. 13 These organisms are genetically diverse, and novel sampling methods could be used to identify their presence. Surface swabbing has been used in numerous studies to sample the environment, 16 and plates provide an effective method for sampling of air. In contrast with other methods for sampling airborne pathogenic microorganisms, our current method avoided the need to culture and incubate samples on agar for 48 hours. Results from the surface samples indicated an obvious decrease in DNA decontamination over the study period ( Figure 1 ).
Most previous reports focused on eliminating contamination are based on a DNA degradation strategy that includes the use of DNase I, UV irradiation, exonuclease III, restriction endonucleases, and radical gas-based decontamination to eliminate the contaminating DNA. 17 It should be noted that most of these approaches do not achieve complete or efficient surface decontamination. For instance, degradation of DNA synthesized in the presence of dUTP, which is an efficient method for eliminating carry-over contamination, 18 Pearson correlation analysis showed a high similarity between two groups, a correlation coefficient of .99 (P<.01) and also potentially reduce PCR amplification efficiency if the reaction components, including Taq DNA polymerase and primers, are exposed. 21, 22 Another method typically used to maintain sterile working conditions involves spraying with chemical solutions, such as ethyl alcohol and hypochlorite solutions. However, these solutions can cause corrosion, and therefore some equipment cannot be cleaned with them, although ethyl alcohol solutions are typically safe in this context. Alcohol solutions are widely used in nucleic acid precipitation, whereas hypochlorite solutions may reduce DNA/RNA stability. The above reagents are easily acquired and show excellent decontamination efficacy in our study.
Data showed that reliable methods for assessing how surface decontamination efforts affect PCR results are required (Figure 1 ).
Comparative analysis with a reference PCR laboratory showed that In contrast with previous reports focusing on methods of eliminating only contaminating amplicons, a key advantage of this study is the optimized sampling method, which targets different environmental locations to systematically resolve all sources of contamination. Follow-up surveillance was also performed. We must note that some limitations existed in this study, including the sampling numbers, monitoring protocol, and comparisons of chemical solutions used for decontamination, which all require further optimization.
